ABSTRACT Background: We previously reported that supplementation with multivitamins (vitamin B complex, vitamin C, and vitamin E) at multiples of the Recommended Dietary Allowance (RDA) significantly decreased the risk of adverse pregnancy outcomes among HIV-infected women. The minimum dosage of multivitamins necessary for optimal benefits is unknown. Objective: We investigated the efficacy of multivitamin supplements at single compared with multiple RDAs on decreasing the risk of adverse pregnancy outcomes among HIV-infected women. Design: We conducted a double-blind, randomized controlled trial among 1129 HIV-infected pregnant women in Tanzania. Eligible women between 12 and 27 gestational weeks were randomly assigned to receive daily oral supplements of either single or multiple RDA multivitamins from enrollment until 6 wk after delivery. Results: Multivitamins at multiple and single doses of the RDA had similar effects on the risk of low birth weight (11.6% and 10.2%, respectively; P = 0.75). We found no difference between the 2 groups in the risk of preterm birth (19.3% and 18.4%, respectively; P = 0.73) or small-for-gestational-age (14.8% and 12.0%, respectively; P = 0.18). The mean birth weights were similar in the multiple RDA (3045 6 549 g) and single RDA multivitamins group (3052 6 534 g; P = 0.83). There were no significant differences between the 2 groups in the risk of fetal death (P = 0.99) or early infant death (P = 0.19). Conclusion: Multivitamin supplements at a single dose of the RDA may be as efficacious as multiple doses of the RDA in decreasing the risk of adverse pregnancy outcomes among HIV-infected women. This trial was registered at clinicaltrials.gov as NCT00197678.
INTRODUCTION
More than 20 million infants are born with low birth weight every year, the majority of them in developing countries (1) . Low birth weight is a strong determinant of infant mortality, morbidity, stunting, and impaired cognitive development (2, 3) . In subSaharan Africa, HIV infection disproportionately affects women, and HIV-infected pregnant women are at high risk of adverse pregnancy outcomes (4, 5) . HIV-infected individuals often suffer from malnutrition, particularly micronutrient deficiencies. Improving the micronutrient status of pregnant women may result in improved fetal growth and survival (6) .
We previously reported that supplementation with multivitamins (vitamin B complex, vitamin C, and vitamin E) at multiples of the Recommended Dietary Allowance (RDA) significantly reduced the risks of fetal death, low birth weight, preterm birth, and intrauterine growth retardation among HIVinfected women in Tanzania (7) . Beneficial effects may have been mediated through improved maternal immunologic, nutritional, and hematologic status (7) (8) (9) . High dosages of multivitamin supplements within safe limits were administered in the trial, because HIV-infected individuals may require nutritional intakes greater than the RDA to achieve normal nutritional levels. Earlier studies have found that a high prevalence of vitamin B-6, B-12, and vitamin E deficiencies were observed among HIV-infected individuals who consumed single doses of the RDA for these vitamins (10, 11) . Longitudinal studies have shown that nutritional intakes at levels greater than several times the RDA are necessary to slow the progression to AIDS or death (12) (13) (14) (15) . Multivitamin supplements at the RDA level are intended to prevent deficiencies among healthy individuals; however, it is unknown whether the single RDA multivitamins would prevent deficiencies and improve birth outcomes among HIV-infected women. We conducted a randomized trial to examine the efficacy of multivitamin supplements at single compared with multiple RDA dosages on reducing the risk of adverse pregnancy outcomes among HIV-infected women.
SUBJECTS AND METHODS

Study design and population
Participants were recruited for a double-blind randomized controlled trial from antenatal clinics in Dar es Salaam, Tanzania. Women were eligible if they were HIV-infected, pregnant between 12 and 27 gestational weeks at enrollment, resided in Dar es Salaam, and intended to stay in the city until delivery and for 1 y thereafter. As part of the standard prenatal care, pregnant women were initially offered consent for HIV-1 testing. HIV-1 serostatus was determined by 2 sequential enzyme-linked immunosorbent assays using Enzygnost anti-HIV-1/2 Plus (Dade Behring, Marburg, Germany) followed by the Wellcozyme HIV-1 recombinant test (Murex Biotech Ltd, Dartford, United Kingdom); discrepant results were resolved by a Western blot test (Bio-Rad Laboratories, Herfordshire, United Kingdom). Women who tested positive for HIV received posttest counseling and were invited to participate in the trial. Consented participants were referred to the study clinic at Muhimbili National Hospital, the main tertiary care hospital in Tanzania. All subsequent visits took place at the study clinic. The study protocol was approved by the Institutional Review Boards at Muhimbili University of Health and Allied Sciences and the Harvard School of Public Health.
Participants enrolled in the trial between November 2002 and June 2004. A list of randomization assignment was generated by a computer program in blocks of 20. Women were randomly assigned to receive a daily oral dose of either single RDA or multiple RDA multivitamins from enrollment until 6 wk after delivery ( Table 1) . The multiple RDA supplements contained doses at 3 times the RDA for vitamin E, 7 times the RDA for vitamin C, and .10 times the RDA for several B vitamins. Vitamin A and zinc were not included, because previous trials reported harmful effects of vitamin A during pregnancy among HIV-infected women in Tanzania and Zimbabwe (16, 17) , and several trials found no beneficial effect of zinc (18, 19) . Both experimental tablets were identical in color, taste, and appearance. Study physicians, nurses, and participants were unaware of the treatment groups. Tablets were manufactured by Tishcon Corp (Salisbury, MD), which had no involvement in the study design, implementation, or analyses.
All participants received the standard prenatal care services in Tanzania. All pregnant women received 60 mg elemental Fe and 0.25 mg folic acid daily. They also received malaria prophylaxis in the form of sulfadoxine-pyrimethamine tablets at 20 and 30 wk of gestation. To prevent mother-to-child transmission of HIV, all women received a single oral dose of 200 mg nevirapine at the onset of labor, and their infants received a dose of 2 mg nevirapine/kg syrup within 72 h of delivery.
Of 1129 participated women, a random subset of 312 women were co-enrolled in a randomized controlled trial examining the effect of daily selenium supplements (200 lg as selenomethionine) during pregnancy on maternal and child outcomes (20) . Among them, 155 women were in the multiple RDA multivitamins group and 157 women were in the single RDA multivitamins group. We found no interaction between the effects of selenium and different dosages of multivitamin supplements on primary outcomes.
Study procedures
At the baseline visit, trained research nurses collected information about sociodemographic characteristics and obstetric history. At baseline and every month thereafter, study physicians performed physical examinations, and nurses inquired about health problems and obtained anthropometric measurements. At every monthly visit, participants exchanged a used bottle with a new bottle that contained 45 tablets. Compliance with the study regimens was defined as the number of tablets taken from the returned bottle divided by the total number of tablets the participants should have taken. Women who did not come for their monthly appointments were visited at home and were asked to come to the study clinic if their condition allowed.
A research midwife weighed the infants to the nearest 10 g on a standard beam balance immediately after birth. Placentas were also weighed after removal of blood clots. The midwife measured birth length with a length board and head circumference with a nonstretchable tape, both to the nearest 0.1 cm. Gestational age was based on the date of the last menstrual period.
Blood samples were obtained among a subset of women who co-enrolled in a trial of selenium supplements. The trial found no effect of selenium on maternal CD4, CD8, and CD3 cell counts, viral load, or hemoglobin concentration (20) . We analyzed the first measurements taken during the first 10 wk after delivery. In this subset, hemoglobin was measured by using a CBC5 Coulter Counter (Coulter Corp, Miami, FL). Absolute counts of CD4, CD8, and CD3 T lymphocyte subsets were quantified by using the FACScount system (Becton-Dickinson, San Jose, CA). Viral load was measured by using the Roche Ampicor HIV-1 monitor test version 1.5 assay (Roche Diagnostics Corp, Indianapolis, IN).
The primary outcomes of the present trial were low birth weight (,2500 g) and preterm delivery (,37 wk of gestation). Secondary outcomes included low birth weight ,2000 g, severe preterm delivery (,34 wk of gestation), small-for-gestationalage (birth weight below the 10th percentile of weight-forgestational-age by the reference of Brenner et al; 21), fetal death (miscarriage or stillbirths), and infant death during the first 6 wk of life. We also examined the effect of multiple RDA compared with single RDA multivitamins on birth weight, gestational age, length, head circumference, and placental weight, as continuous variables. Maternal outcomes included hemoglobin, anemia (hemoglobin , 11 g/dL), T cell counts, and log 10 viral load. We hypothesized that women receiving multiples of RDA multivitamins would have better pregnancy outcomes than would those receiving single RDA multivitamins. We initially planned to enroll 1300 women to have a .80% power to detect a 60% difference in the incidence of low birth weight and a 35% difference in the incidence of preterm delivery. The sample size calculation was based on the assumption of a 5% type I error and 5% loss to follow-up. We assumed that the incidence of low birth weight would be 8.8% and the incidence of preterm delivery would be 21.2% in the multiples of RDA multivitamin arm. However, we were able to enroll only 1129 women in the trial because of funding constraints.
Data analysis
To verify the validity of randomization, we compared the distribution of baseline characteristics between treatment groups by using the t test for continuous variables and the chi-square test for categorical variables. An intent-to-treat analysis was performed to estimate treatment effects. Participated women gave 1064 singleton pregnancies and 32 pairs of twin pregnancies. We included all pregnancy outcomes in the analyses by using generalized estimating equations with a compound symmetry working correlation matrix, which accounts for correlations due to twin births (22) . Binary endpoints were modeled by using the log link and the binomial variance function to estimate risk ratios (RRs), whereas for continuous endpoints were modeled by using the identity link and the Gaussian variance function to estimate mean differences. To assess statistical differences between treatment arms for birth outcomes, we obtained P values from the robust score test. To test treatment effects on women's outcomes, we used a binomial regression model with a log link function for binary endpoints and linear regression model for continuous endpoints. All statistical analyses were conducted by using SAS version 9.1 (SAS Institute, Cary, NC).
RESULTS
A total of 1129 HIV-infected pregnant women were randomly assigned to receive daily multiples of RDA or single RDA multivitamin supplements (Figure 1) . The participants were, on average, 26.5 6 4.8 y of age and at 21.8 6 3.4 gestational weeks at randomization. Maternal characteristics at baseline were similar between treatment groups; however, we observed a small difference in the midupper arm circumference ( Table 2 ). The mean duration of follow-up from randomization to delivery was 3.9 6 1.1 mo, and the mean duration from randomization to 6 wk postpartum was 5.1 6 1.1 mo. Those periods did not differ between treatment groups (P = 0.22 and P = 0.25, respectively). Mean compliance with study regimen by 6 wk postpartum was 85% (median = 89%) in the multiple RDA multivitamins group and 87% (median = 90%) in the single RDA multivitamins group. The compliance with the study regimen did not differ between treatment groups (P = 0.16).
Multiples of RDA and single RDA multivitamins had similar effects on the risk of low birth weight (11.6% and 10.2%, respectively; RR = 1.07; 95% CI = 0.70, 1.62; P = 0.75; Table 3 ). We found no difference between the 2 groups in the risk of preterm birth (RR = 1.04; 95% CI = 0.81, 1.35; P = 0.73) or small-for-gestational-age (RR = 1.30; 95% CI = 0.89, 1.90; P = 0.18). The mean birth weights were similar in the multiple RDA multivitamins group (3045 6 549 g) and the single RDA multivitamins group (3052 6 534 g; P = 0.83). No differences were found in duration of gestation (P = 0.85), birth length (P = 0.76), head circumference (P = 0.89), and placental weight (P = 0.61).
We found no difference in the risk of miscarriage (P = 0.17) or stillbirths (P = 0.52) between treatment groups ( Table 4) . The risk of fetal death in the multiple RDA multivitamins group was similar to the risk in the single RDA multivitamins group (6.0% compared with 6.0%; RR = 1.00; 95% CI = 0.63, 1.58; P = 0.99). There was no significant difference in the 2 groups in the risk of perinatal death (RR = 0.75; 95% CI = 0.47, 1.21; P = 0.25) or early infant death (RR = 0.46; 95% CI = 0.14, 1.48; P = 0.19); however, power was poor for detecting differences in those outcomes.
In a subgroup of mothers who also participated in a trial of selenium supplements (20) , we assessed hemoglobin, T cell counts, and viral load after delivery and up to 10 wk postpartum. We found no difference in the mean CD4, CD8, or CD3 T cell counts between women who received multiples of RDA multivitamin supplements and those who received single RDA multivitamin supplements (P = 0.34, 0.38, and 0.59, respectively; Table 5 ). Furthermore, no differences were found in mean hemoglobin concentrations (P = 0.96) and viral load (P = 0.55) between the 2 groups.
DISCUSSION
We found no difference in the effects of single compared with multiple RDA multivitamin supplements on the risks of adverse pregnancy outcomes among HIV-infected pregnant women. Similar incidences of low birth weight, preterm birth, and fetal death were found between single and multiple RDA multivitamins groups. Maternal CD4 T cell counts and hemoglobin concentrations were also similar in the early postpartum period. The strengths of our study include the use of randomized doubleblind design, high compliance with study regimen, and high follow-up rates. The study may be limited by low statistical power; however, we observed similar incidences between the 2 arms in most outcomes.
In a previous trial among HIV-infected women in Tanzania, multivitamin supplements at multiple doses of RDA with identical doses to those used in the current trial were beneficial as compared with placebo (with all women receiving the same dosage of iron and folate). Women who received multivitamins had a 39% reduction in the risk of fetal death (incidence of 5.9% in the multivitamin group compared with 9.6% in the control group), a 44% reduction in the risk of low birth weight (incidence 8.8% compared with 15.8%), and a 39% reduction in the risk of severe preterm birth (incidence 6.2% compared with 10.2%) (7). Furthermore, multivitamin supplements significantly increased the mean birth weight (3048 g in the multivitamin compared with 2948 g in the control). The incidences of adverse pregnancy outcomes observed in the current study in both multiple RDA and single RDA multivitamin arms were similar to the incidences observed in the multiple RDA multivitamin arm in the previous trial, suggesting that both treatment arms in the current trial had decreased the risks of adverse pregnancy outcomes.
Many clinical trials and observational studies strongly support the use of multivitamin supplements among HIV-infected individuals. Several randomized controlled trials examining the effects of multivitamins on clinical outcomes had found that high-dose micronutrient supplements reduce HIV disease progression or mortality among HIV-infected individuals in Tanzania, Thailand, and Canada (23) (24) (25) . Furthermore, prospective cohort studies showed that vitamin B-1, B-2, and B-6 intakes at multiples of RDA were associated with improved survival rates among HIV-infected individuals (12) . Dietary intakes of vitamin C at 10 times and niacin at 3 times the RDA were associated with a decreased progression to AIDS (13, 14) . In a trial in Zimbabwe, micronutrients at single RDA level were associated with a nonsignificant increased birth weight by 101 g, but had no effect on low birth weight (26) . Given previous studies and the current study, multivitamin supplements containing at least single RDA doses should be recommended for HIV-infected pregnant women. However, we cannot generalize our findings for clinical outcomes among HIV-infected women who are not pregnant. Whereas multiples of RDA multivitamins have been shown to be beneficial, the long-term benefits of single RDA multivitamins on delaying HIV disease progression among HIV-infected individuals remains unknown.
It is important to consider whether multivitamin supplements should be provided to not only HIV-positive but also HIVnegative pregnant women, because most pregnant women in developing countries do not know their HIV status. In subSaharan Africa, HIV testing coverage among pregnant women ranges from 4% in Nigeria to 33% in Tanzania and 64% in South Africa (27) . Most of the trials that examined the effect of micronutrient supplements among presumably HIV-negative women used the UNICEF/WHO/UNU international multiple micronutrient preparation (UNIMMAP) supplement, which is composed of 15 vitamins and minerals at the single RDA level.
Most, but not all, of these previous trials found improvements in birth weight (26, (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) . A recent large trial of 31,290 women in Indonesia showed that micronutrient supplements significantly reduced the risk of low birth weight by 14% and significantly decreased the risk of early infant mortality by 18% when compared with iron and folic acid (29) . A trial of 8468 HIVnegative women in Tanzania found that multiple RDA multivitamins significantly reduced the risk of low birth weight by 1 Subject numbers (n) may not add up to 564 or 565 because of missing data. RDA, Recommended Dietary Allowance; TSh, Tanzanian shillings. The chi-square test was used to compare categorical variables, and the t test was used to compare continuous variables. There were no significant differences between treatment groups for any baseline characteristics except for midupper arm circumference (P = 0.03).
2 Mean 6 SD (all such values). 3 Average household income spent on food per person per day in TSh; 1 US dollar was equivalent to '1000 TSh at the time of the study. 18% (28) . A hospital-based trial in India also showed that micronutrient supplements decreased the risk of low birth weight by 70% among 200 undernourished pregnant women (30) .
Some trials raised concerns that micronutrients may potentially increase perinatal mortality (37) (38) (39) . Researchers suggested that potential adverse effects may occur from increased risks of birth asphyxia or cephalopelvic disproportion during labor among large-for-gestational-age infants (38) . Trials that found potential adverse effects were conducted in the rural settings in Nepal and Burkina Faso (37, 39) . Adequate quality of obstetric care may be essential to prevent potential adverse effects. Trials in Tanzania and Indonesia found no effect on perinatal mortality, and they were conducted in the urban and semiurban setting, where adequate prenatal and obstetrical care were provided. A large proportion of perinatal mortality could be prevented by improving care of birth asphyxia, infections, and prematurity as well as improving birth preparedness and access to emergency obstetric care in many developing countries (40) .
In conclusion, we found that multivitamin (vitamin B complex, vitamin C, and vitamin E) supplements at a single dose of the RDA may be as efficacious as multiple doses of the RDA in reducing the risk of adverse pregnancy outcomes among HIVinfected women. Multivitamin supplements at a dose of at least a single RDA should be recommended to all HIV-infected pregnant women. However, the long-term benefits of single doses of RDA, rather than multiple doses of RDA, multivitamins on delaying the progression of HIV disease among HIV-infected individuals remain unknown. Multivitamins may also be beneficial among HIV-negative pregnant women in developing countries; however, because of the potential adverse effects on perinatal mortality found in some trials, multivitamin supplements may be considered for pregnant women only where adequate antenatal and obstetrical care are provided. Additional research is warranted to assess the safety and efficacy of supplementation in rural and other settings where the coverage of such services is suboptimal. 1 For birth outcomes, generalized estimating equations with a compound symmetry working correlation matrix were used to account for correlations due to twin births. For binary endpoints, the log link and binomial variance function were used, whereas the identity link and the Gaussian variance function were used for continuous endpoints.
2 Gestational age and preterm birth were considered to be an outcome for women. All other endpoints were considered to be an outcome for infants. 3 Defined as birth weight ,2500 g and gestational age ,37 wk. 4 Defined as birth weight ,2500 g and gestational age 37 wk. 5 Defined as birth weight below the 10th percentile of weight-for-gestational-age. We thank the mothers and children who participated in this study and the field teams, including physicians, nurses, midwives, supervisors, laboratory staff, and administrative staff. We are very grateful to our colleagues Karim Manji, Gernard Msamanga, and Ruilan Wei.
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